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INTRODUCTION
measurements performed with annular uranium metal castings of to investigate the use of 252Cf-source-driven noise analysis measurements' as a means to quanti~the amount of special nuclear material (SNM) in-the casting. This work in FY 97 was sponsored by the Oak Ridge Y-12 Plant and the DOE OffIce of Technology Development Programs. Previous measurements2 and calculational studies3 have shown that many of the signatures obtained from the source-driven measurement are very sensitive to fissile mass. Measurements were pefiormed to assess the applicability of this method to standard annular uranium metal castings at the Oak Ridge Y-12 plant under verification by the International Atomic Energy Agency (IAEA) using the Nuclear Weapons Identification System (NWIS) processor. Before the measurements with different enrichments, a limited study of source-detector-casting moderator configurations was performed to enhance the correlated information. These configurations consisted of a casting with no reflector and with various thicknesses of polyethylene reflectors up to 10.16 cm in 2.54 cm steps. The polyethylene moderator thickness of 7.62 cm was used for measurements with castings of different enrichments reported here. The sensitivity of the measured parameters to fissile mass was investigated using four castings each with a different enrichment. The high sensitivity of this measurement method to fissile mass and to other material and cotilgurations provides some advantages over existing safegu&ds methods.
The report is organized in the following manner. A detailed description of the measurement methodology is provided along with a description of the NWIS hardware used to pefiorm the measurements. Preliminary results are presented for a variety of time-and frequency-analysis signatures that demonstrates the sensitivity of the measured parameter to fissile mass. However, these preliminary results do not represent an optimized measurement configuration but are intended to demonstrate possible applications of this 'method. The results are summarized and recommendations for fiture work are provided.
252CF-SOURCE-DRIVEN NOISE ANALYSIS MEASUREMENT
The 252Cf-source-drivennoise analysis method evolved as a combination of randomly pulsed neutron measurements5 and Rossi-cx measurements. The 252Cfso~ce is used to fitiate events in the fissile material and the subsequent emission of neutrons and gamma rays from the fissile system are measured with two or more detectors. A typical configuration for this measurement is shown in Fig. 2 .1, The 252Cf source is contained within an ionization chamber and provides a pulse for each spontaneous fission event. The source ionization chamber is typically designated as detector #l and the radiation detectors are designated as #2, #3, #4, etc. The pulses from the source and detectors are acquired over time into time bins, typically 512 or 1024 time bins. The source and detector signals are then correlated with each other to obtain a wide variety of time and frequency analysis parameters. The N,WIS processor performs the correlations in the time domain and uses the fhst Fourier transform to obtain the frequency analysis parameters. In addition, the NWIS processor acquires the number of times 1 I
. 
AUTO-AND CROSS-CORRELATION FUNCTIONS
The signatures obtained from the described measurement configuration involve all twochannel combinations (i.e., Ic!22, l&3, 2&3, etc.) including signatures that correlate an individual signal with itself (i.e., I&l, 2&2, 3&3, etc.). These signatures are acquired in the time domain using the NWIS processor. In the time domain the correlations between different signals are termed cross-correlation functions and those correlations involving a single signal are termed autocorrelation functions. Likewise, in the frequency domain, the correlation signatures between different signals are termed cross-power spectral densities (CPSDS), while those involving the same signal twice are termed autopower spectral densities (APSDS). The correlation signatures and frequency signatures have the following properties.
The autocorrelation functions are denoted as"RII, .R22, R33, etc. The autoconelation of the source, RI I, is proportional to the source strength while the detector autocorrelation fhnctions R22, R33, etc. are equivalent to the single detector Rossi+x measurement. A plot of the source autocorrelation function is given in Fig. 2 .2 This plot has three unique features: a delta function at time zero, a time period in which there are no correlated counts, and a region of constant correlated counts. The delta fimction at lag zero occurs because the individual spontaneous fission events of the 252Cf source are independent of each other which means that correlations can only occur at zero lag. The time width of the region in which there are no correlated counts is the dead time for the source signal processing electronics.7 When a pulse is received from the source signal, the processor cannot acquire another pulse before the end of the dead time period. The region in which the source correlation function is a constant result because of the average source spontaneous fission rate. Although the spontaneous fission events are not related, an "accidental" correlation will occur if more than one source fission occurs in the time period of the data block. An example of the detector autocorrelation fhnction for random counting is provided in Fig. 2.3 and exhibits some of the same features as the source autocorrelation fiction. The detector autocorrelation fimction should exhibit an exponential decrease in the region O to 20 ns, but does not exhibit an exponential decay due to the random source used for this data acquisition. The detector autocorrelation functions for fissile systems are dependent on source induced and inherent fission events and background radiation. The source-detector cross-correlations R12, R13, etc. are equivalent to the pulsed neutron measurement (differential diewaway). and are mainly dependent on the induced fission rate in and transmission rate through the system. An example of the sourcedetector cross-correlation fimction is given in Figure 2 .4. The source-detector correlation fiction consists of two major components: a peak due to directly transmitted gamma rays from the 252Cfsource and a peak due to scattered gamma rays, transmitted and scattered neutrons, and prompt neutrons and gamma rays from fission. The accidental correlations are the result of the average counting rate of the source and detectors per time interval. The between-detector cross-correlation fimctions are denoted as R23, R24, etc. and indicate the amount of correlated information between the two detectors. The between-detector correlations depend on both source-induced and inherent fission occurring in the system. An example of the between-detector correlation fhnction is given in Figure 2 .5. This fhnction is essentially symmetric as a function of time. The peak at time time Ois
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I.E-00 . mainly the result of coincident gamma rays from fission in both detectors. Beyond -5 ns the time dependence can exhibit an exponential decrease if the source activity is high enough. The accidental correlations are the result of the average count rate of the detectors per time interval.
The detector autocorrelation fimctions, the source-detector cross-correlation fi,mctions, and the between-detector cross-correlation functions are all "differential" die-away measurements that are used to determine the decay of prompt neutron fission chains in the system. This prompt time decay can be obscured if the accidental correlations are high; consequently, frequency analysis methods were investigated to overcome this difficulty. The Fourier transforms of the autocorrelation fictions are termed autopower spectral densities while the Fourier transforms of the cross-correlation fictions are termed cross-power spectral densities.
AUTO AND CROSS POWER SPECTRAL DENSITIES
The source auto spectrum GI~is simply a measure of the fission source strength. The detector auto power spectral densities G22, G33, etc. area measure of the source-induced and inherent fission rate of the system and the background rate and are proportional to the detector count rate. The source-detector cross-spectra G~2, G~3, etc. are a measure of counting events in the detectors correlated with fission events in the source. Consequently, the source-detector cross-spectra indicates the amount of source-induced fission occurring in the system. The detector cross-spectra G23, G24, etc. are a measure of the events in one detector correlated with events in another detector, so their magnitudes indicate the amount of both source-induced and inherent fission occurring in the system analyzed. Plots of G2Z and G,z are given in Figs. 2.6 and 2.7.
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IUiTIO OF SPECTRAL DENSITIES
In previous time domain measurements (Ref. 9) , it was realized that a measured parameter independent of the detection efficiency could be obtained from measurements if both crosscorrelation functions between detectors and between detectors and the 252Cfsource were measured simultaneously. The frequency analysis equivalent of this early time analysis expression is the following ratio of spectral densities.
Rlz (o) = G;2 (o) GIS(o)
Gll (co) Gn (o) (2.2) where * denotes complex conjugation. In this expression detection efficiencies appear in both the numerator and denominator and cancel much in the same way as in beta-gamma coincidence counting methods to obtain the neutron flux in fission reactors. This has lead to a signature which is easily reproduced. Measurements performed 9 years apart with uranium metal cylinders yielded essentially the same value of R(co) even though different sources and detectors were used (Ref. 10). In fact, measurement with detectors sensitive only to gamma rays yields the same result as that for detectors sensitive only to neutrons. This ratio is also independent of uncorrelated background which also makes it more usefid. A plot of this ratio for an unreflected casting is shown in Fig. 2 .10 where the ratio decreases with frequency until it is near O at 100 MHz. The magnitude of the ratio of spectral densities can be shown theoretically to obey the following relationship, 
IR((I))12=
COUNT PROBABILITY DISTRIBUTIONS
The count probability distributions are obtained from the gate multiplicities, the number of times m pulses occur in a data block, and are obtained for each channel. The total count probability distributions for all channels is also obtained by treating the sum of all detector channels (2 & 3) as an additional data stream. These can be either triggered or random. The data given in t his section are random. The count distributions for some of these channels are plotted and compared to that predicted for random counting corrected for the dead times obtained from the autocorrelation fhnctions. The count probability distributions will always be larger than the individual detector distributions. The distribution for the source channel can be used to veri@ proper operation of the source channel detection system and is shown in Fig.  2 .11. The number of blocks of data with a given number of counts in a block are plotted versus the number of counts per block. The spontaneous fission process in the 252Cf is random and thus the measured values for this channel agree with those calculated for random events corrected for the dead time which is obtained from the autocorrelation function of this ch~el ( Fig. 2.2 ). The count distribution for detector channel 2 is plotted in Fig. 2 .12 and the measured values are only slightly larger than random counting, but significant. A typical plot for the combined detector count distribution is shown in Fig. 2 .13. The count distribution obtained from the sum of detectors ( Fig. 2.13 ) is considerably larger than that for a single detector and has count events as high as 10. For comparison purposes, the values should be expressed in terms of probabilities so that comparisons made do not depend on the number of blocks in a measurement. From these, the Feynman variance can be obtained as (~-E2 ) i; where c is the number of counts per data bloclq also the measurements or reduced moments.
The ratios of probabilities, triples/singles, quadruples/singles, quintuples/singles are plotted as a function of the doubles/singles ratio in Fig. 2 .14. To show the usefidness of this type of plot, data have been included for the casting with no moderator around it 2.5 in. and 5.1 in. thick. Since there is less fission without moderator, the ratios are generally smaller than those with a moderator. For higher order ratios (greater than 6/1) the statistical uncertainty is large. The ratios for the casting with 7.62 cm polyethylene reflector are given in 
NWIS PROCESSOR AND ELECTRONICS
This section provides a brief discussion of the electronics components of the Nuclear Weapons Identification System (NWIS). This description begins with anoverview of the conilguration of NWIS and then provides a brief description of each component. A brief description of the electronics components, the data acquisition process, and the data processing is discussed in the following sections.
SYSTEM OVERVIEW
As previously stated the measurements requires the use of a 252Cfsource contained in an ionization chamber, radiation detectors, detector electronics, data processing boards, and a computer for data acquisition and display. A photograph of a typical NWIS1l configuration is shown in Fig. 3 .1 deployed around a container with weapons component. The source is located on one side of the container and the detectors are located on the other side of the container. The source and detector signals are sent to electronic modules for processing and then the signals are sent to the data processing components for data acquisition. A block diagram of the configuration is shown in Fig. 3 .2. 
252CFsomcE ELECTRONICS
A photograph of the source ionization chamber and its amplifier is shown in Fig. 3.3 . The 252Cf-source ionization chamber produces an electrical pulse each time the source emits neutrons and gamma rays.12 An amplifier is used to increase the amplitude (size) of the pulse from the source ionization chamber. The amplifier is referred to as a high-gain fast amplifier. The high-gain fiist amplifier requires a high voltage (IN) and a low voltage (LV) supply as inputs to the amplifier and produces an electrical pulse as output. The commercially available power supply is a HV power supply and is used to supply power to the source high-gain fmt amplifier. The HV is passed through the amplifier to the plates of the ionization chamber. The output of the source high-gain fmt amplifier is input to a commercially available constant fraction discriminator (CFD). The CFD eliminates unwanted pulses and produces an output pulse that has constant amplitude and adjustable width. The output of the constant fraction discriminator is input to a delay module, which is used to control the arrival time of pulses from the source to the data processor. The present configuration of these electronic components is shown schematically in Fig. 3.2 . The CFD and the delay module are contained within a commercially available nuclear instrument module (NM) bin that supplies power to these components. An assortment of commercially available cables and connectors are used to connect the source to the electronic components and the data acquisition components. 
DETECTION SYSTEM
The detectors are commercially available organic plastic scintillators that are used to measure fast neutrons and gamma rays. A photograph of the detectors is shown in Fig. 3 .4. The detectors for these experiments are numbered as follows: detectors 2 and 3 are the bottom of the 2x2 array of detectors with detector 3 visible in the photograph with detector 2 behind it in the photograph. Similarly, detector 5 is on top of 3 and is visible in the photograph. Detector 4 is behind it with only its top surface visible. Neutrons and gamma rays interact within the detector and produce light. The light is converted to an electrical pulse using a commercially available photo-multiplier tube (PMT) and a PMT base that provides power to the PMT. A commercially available high voltage power supply is used to power the PMT base. The output of the PMT base is sent to a constant fraction discriminator (CFD), which eliminates unwanted pulses and produces an output pulse that has constant amplitude and adjuskible width. The constant fraction discriminator has four independent inputs and outputs. The output of the CFD is sent to the data processor. The conilguration of these electronic components is shown schematically in the block diagram of Fig. 3 .2. The constant fraction discriminator is located within a nuclear instrument module (NIM) bin that supplies power to the components.~assortment of cables and connectors are used to connect the detectors to the processing electronics and to the data acquisition components. 
Fig.3.4. Typical source-detector configuration formeasurements with unmoderated high enriched uranium metal castings in containers.
3,4 DATA ACQUISITION COMPONENTS
The data acquisition components are comprised of two electronic boards that are installed in a commercially available computer. The data capture and compression (DCC) module is located on one of the electronics boards and is used to acquire the signals from the constant fraction discriminators. A photograph of this module is shown in Fig. 3 .5. The output of the DCC module is sent to a data processing component that sends the data to the computer. The DCC module requires the use of a separate power supply. The DCC module and the data processing module are referred to as a board set. These boards are designed by OIOIL and commercially fabricated with commercially available electronic components except for the processor chip which is especially designed and fabricated by a commercial chip maker. 
DESCRIPTION OF URANIUM METAL CASTINGS
All of the annular castings were geometrically the same and had an 8.89-cm ID, a 12.7-cm OD and a length of-15.24 cm. A photograph of a casting is provided in Fig. 4 .1 in a steel tray. All castings were contained in stainless steel cans that had 15.6-cm OD and were 22.4 cm tall with a O.15-cm wall thickness as shown in Fig. 4 .2. The enrichment, net mass, uranium mass. fraction, and uranium mass for each casting is provided in Table 4 .1. The density of the 93.15 VVWO '5U enriched casting is 18.76 g/cm3, and the density of the other castings will be slightly more due to the increased amount of '*U in the casting. These castings are comprised almost entirely of uranium but do have a small amount of impurities such as oxygen, carbon, nitrogen, etc. Each of these castings contains about the same amount of impurities. Enrichment was essentially the only parameter that was changed from one casting to another. The source was located 7.62 cm from the bottom of the casting and was in contact with the casting container. The 252Cfsource had a mass of-0.7~g and more than 99% of the source spontaneous fission events were counted. The four detectors used in these measurements were fast plastic scintillators that are sensitive to both gamma rays and neutrons and were positioned in a 2x2 array. Detectors #4 and #5 were positioned above detectors #2 and #3 respectively. These detectors are 7.62-cm wide and tall and 10.16-cm thick and had a 0.63.5-cm thick lead shield on the sides with no shielding on the front face of the detectors. The thresholds for these detectors were set such that neutrons above 1.5 MeV would be detected. Additional measurements were petiormed with the casting removed from the moderator to obtain a reference measurement for the neutron time of flight. 
RESULTS OF MEASUREMENTS WITH CASTINGS OF VARYING ENRICHMENT
As previously described, the time-dependent detector responses obtained from the measurements are used to generate a variety of correlation fictions that are Fourier tr~sformed to obtain their respective frequency spectra. This sections presents many of the p~ameters obtained from these measurements in both the time and frequency domain, shows the functional dependence of many of the measured time or frequency fimctions, and shows plots of some of the parameters with 235Umass or enrichment. These measurements with varying enrichments were as described in Fig. 6 .1 and 6.2 with 7.62 cm.-thick polyethylene.
TIME-DEPENDENT SIGNATURES
In the measurements, both auto and cross-correlation functions are generated' from the " measured time responses. The cross-correlation fimctions are Iypically normalized to the source count rate to remove their dependence on the source. The background subtracted correlation fimctions are actually covariance functions because the accidental correlations have been removed. Covariance fictions are generated from the correlation functions by removing accidental correlation rates of the detectors, that is subtracting the product of the detector count rates per time interval for two detection signals that tie correlated. The covariance fictions are independent of counts due to background radiation although their uncertainties are noted. The detector autocorrelation fimctions should be sensitive to fissile mass. As an example one of the detector autocorrelation fimctions is shown in Fig. 6 .1. This correlation fhnction exhibits an exponential decrease in the region 40 to 80 ns, but does not exhibit an exponential decay prior to 20 ns due to the dead time of the detection system as shown in Fig. 6 .1. As can be seen from this figure, the time-dependent autocorrelation fiction has a slight dependence on fissile mass. The detector autocorrelation fimctions were integrated over time to obtain the total correlated counts for the detectors and are presented in Table 6 .1 along with the sensitivity coefficient for the integrals. The integral of the total correlated counts increases as fissile mass increases. The integral of the autocorrelation fi.mctions increases approximately 13% from 13.97 to 16.43 kg of 235U.
A plot of the integral of one of the detector autocorrelation functions is given in Fig. 6.2 and is a linear fimction of '5U mass. The sensitivity of the integral of the autocorrelation function to fissile mass was determined by dividing the slope of a linear fit to the data by the average value of the integral of the autocorrelation fiction. This sensitivity coefficient is the derivative of the logarithm of the linear fit. The sensitivity coefficients for the integral of the detector autocorrelation iimctions are approximately 0.06 per kg '5U.
A comparison of a source-detector cross-correlation function for the different mass castings is shown in Fig. 6.3 . The source-detector cross-correlation fiction is sensitiv~to fissile mass as evident in Fig. 6.3 . The directly transmitted gamma rays are not very sensitive to the fissile mass because gamma ray attenuation is predominately due to atomic raetier than nuclear 'Sensitivity coefficient is AR/Arn/~where m is in kilograms and'~is the average as a fimction of mass. .
interactions and should not be sensitive to the enrichment. On the other hand the second peak is comprised mainly of transmitted, scattered, and fission produced neutrons that are sensitive by increases for lag times greater than 20 ns. Below 20 ns, the second peak is dominated directly transmitted neutrons and secondary gamma rays that are not strongly dependent on fissile mass. All of the source-detector correlation fi.mctions exhibit the same behavior. The integrals of the source-detector correlation functions over time are given in Table 6 .2. The integral of the source-detector correlation fiction changes approximately 12V0from 13.97 to 16.43 kg of 235U. 'Sensitivity coefficient is AR/&n/R where m is in kilograms and R is the average as a ilmction of mass.
A plot of the integral of one of the source-detector cross-correlation fimctions is given in Fig. 6 .4 and is a linear I?mction of 235Umass. The sensitivity of the integral of the autocorrelation function to fissile mass was determined by dividing the slope of a linear fit to the data by the average value of the integral of the autocomelation fimction. This sensitivity coefficient is the derivative of the logarithm of the linear fit. The sensitivity coefficients for the integral of the detector autocorrelation functions are approximately 0.06. The sourcedetector correlation fimctions have essentially the same sensitivity as the detector auto correlation functions.
The detector-detector correlation fimctions are also sensitive to fissile mass as shown in Fig. 6 .5. The detector-detector correlation function values increase as fissile mass increases. This is due to the increase in fission in the system as fissile mass increases. The detectordetector correlation fi.mctions are symmetric as a fi.mction of time. The detector-detector correlation functions were integrated over time and the results are presented in Table 6 .3. The integral of the detector-detector cross-correlation fiction increases approximately 25% to 27V0 as the 235Umass increases from 13.97 to 16.43 kg. A plot of the integral of thedetector-detector cross-correlation fimction is given in Fig. 6 .6 and indicates that this integral varies linearly with fissile mass. The sensitivity coefficient for the integral of the detector-detector correlation function as a fimction of mass is approximately 0.13 which is twice as large as the sensitivity for the detector autocorrelation and the source;detector correlation. [23] aSensitivity coefficient is AR/Am/~where misinkilogramsand~istheaverage asa fimction of mass.
SPECTRAL SIGNATURES
The auto and cross-correlation fictions are Fourier transformed to produce the auto and cross power spectral densities. The frequency spectra are advantageous in that the frequency spectra are independent of accidental correlation except at zero frequency. A comparison of the detector auto power spectral densities for the different mass uranium castings are shown in Fig. 6.7 . The auto power spectral densities exhibit large differences between the different uranium metal castings. The auto power spectral densities are essentially constant as functions of frequency because the detector autocorrelation fictions are dominated by the relatively large delta function at lag zero. A delta function in the autocorrelation fhnction becomes a constant in the frequency domain. The extrapolated zero frequency values of the detector auto power spectral densities are the same as the integrals of the detector autocorrelation fbnctions that are listed in Table 6 .1. The detector auto power spectral densities have the same sensitivity as the integral of the detector autocorrelation fimctions. The source-detector cross power spectral densities are produced by Fourier transforming the source-detector cross-correlation fimctions. A comparison of the source-detector cross power spectral densities (12) is given in Fig. 6 .8. The source-detector cross power spectral densities can be used to differentiate the uranium metal castings. The source-detector cross power spectral densities exhibit a roll off as a fimction of frequency that is related to the exponential decrease in the source-detector cross-correlation fimction as a function of time. The 27.
.
extrapolated zero frequency values of the source-detector cross power spectral densities are the same as the integrals of the source-detector cross-correlation fhnctions that are listed in Table 6 .2. The source-detector cross power spectral densities have the same sensitivity as the integral of the source-detector cross-correlation functions. The detector-detector cross power spectral densities are produced by Fourier transforming @e detector-detector cross-correlation functions. A comparison of the detector-detector cross power spectral densities (23) is given in Fig. 6.9 . The detector-detector cross power spectral densities can be used to differentiate the uranium metal castings. The roll off as a fi.mction of frequency in the detector-detector cross power spectral densities is due to the exponential decrease in the detector-detector cross-correlation functions as a fiction of time. The extrapolated zero frequency values of the detector-detector cross power spectral densities are the same as the integrals of the detector-detector cross-correlation fi.mctions that are listed in Table 6 .3. The detector-detector cross power spectral densities have the same sensitivity as the integral of the detector-detector cross-correlation fimctions. Additional frequency spectra are generated from the auto and cross power spectral densities. The coherence is defined as the fraction of common information between two signals. The coherence is expressed mathematically as~ij = lGfi12/GfiGi where GU is the cross power spectral densities between signals i and j and Gii and Gj are the auto power spectral densities of signals i and j. Source-detector coherence values and detector-detector coherence values were calculated from the auto and cross power spectral densities. A comparison of the source-detector coherence fimction (12) is given in Fig. 6 .10. The source-detector coherence functions can be used to differentiate the uranium metal castings. The extrapolated low frequency values of the source-detector coherence values are given in Table 6 .4 and plotted as a function of '5U mass in Fig. 6 .11. The coherence values for the 14.83 kg '5U casting deviates from the others. The sensitivity coefficient for the source-detector coherence fimctions is approximately 0.06. The coherence values are sensitive to background. --'Sensitivity coefficient is AR/Am/R where m is in kilograms and R is the average as a fhnction of mass.
. The detector-detector coherence fhnctions were calculated from the detector-detector cross power spectral densities and detector auto power spectral densities. The detector-detector coherence function (23) for the different castings is plotted in Fig. 6 .12. The detector-detector coherence"functions exhibit a linear trend as a fimction of fissile mass as shown in Fig. 6 .13. The extrapolated low 12equency values of the detector-detector coherence values are given in Table 6 .5. The sensitivity coefficient for the source-detector coherence fimctions is approximately O.13. 
COUNT PROBABILITY DISTR@UTION FUNCTION
The count probability distribution fimction is determined from the detection events per block. The distribution is determined by measuring the number of times n counts occur in a block of data in each detector. The total number of detection events for all detectors for each data block is also collected. The block of data consists of 512 time intervals that are 1 ns wide. The count probability distribution values for the combined detector responses for the different annular uranium metal castings are listed in Table 6 .6. As expected the probability for zero detector counts decreases as the mass increase because the average counts per block increases as mass increases. The probability of 1, 2, 3, etc. counts per block increases as the fissile mass increases. The difference between the probability of obtaining six counts varies more than a factor of two for an enrichment change from 80 to 93. 15V0which corresponds to amass change from 13.97 to 16.43 kg of '5U.
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-.'-. The moments of the counts per block are presented in Table 6 .7. The combined detector counts per block increase as the Ilssile mass increases. The average rate per block increases approximately 13°A for a mass increase from 13.97 kg to 16.43 kg '"U. However, the sensitivity coefficient for the average counts per block is approximately 0.06 and is essentially the same as the detector autocorrelation functions. The sensitivity coefficients for the detector count moments increases as the order of the moments increases. 'Sensitivity coefficient is AR/Am/~where m is in kilograms and~is the average as a fimction of mass.
The higher moments for the detector counts are due to the induced fission in the system. This is demonstrated by subtracting the value of the distribution obtained from a strictly Poisson distribution with the same average counts per block. The difference between the measured Table 6 .8. As expected, the Poisson distribution has a higher probability of zero events than the measured distribution while the measured distribution has higher probabilities than the Poisson distribution for events greater than zero. These measurements have demonstrated the sensitivity of several of the measured parameters obtained from the source-driven noise analysis measurement. This measurement method can be used to quanti@ the amount of fissile material for uranium casting components. The detector auto power spectral densities, the source-detector cross power spectral densities, and the detector-detector cross power spectral densities can be related directly to fissile mass. The detector-detector cross power spectral densities are a factor of two more sensitive to fissile mass than the detector auto power spectral densities or the source-detector cross power " spectral densities. The frequency spectra also have increased sensitivity over the moments of the count distributions. These measurements were with a very limited number of uranium metal castings and were the first attempt to evaluate this as a method for NDA of the standard Y-12 uranium metal casting. Additional meastiements should be periiormed to evaluate the -capability of this NWIS methodology for conventional NDA. Additional measurements can be used to obtain calibration curves and to optimize the measurement configuration for highest sensitivity.
Improved measurement methods with NWIS employing higher order statistics with higher sensitivities to '5U mass have been developed and evaluated theoretically. 13 The theoretical analysis has confhned the higher sensitivity to mass and measurements should be performed with these castings using these higher order statistics with their enhanced sensitivity to fissile mass. These higher order correlation measurements with their increased sensitivity to fissile mass should be more useful for quantification of the mass of fissile materials.
